
(id,/wjty’”
copy26?
RIML57J16 _

A

RESEARCHMEMORANDUM””-

EFFECT OF TARGET-TYPE THRUST REVERSER ON TRAN30NIC

AERODYNAMIC CHARACTERISTICS OF A

SINGIJ3-ENGINE FIGHTER MODEL

By JohnM. Swihart

Lmgley AeronauticalLaboratory
LangleyField,Va.

cL4s9mE!DDwuMENr
W materfalcc.ntah UMommtion affecting&aNatLocalEefen5eofb United6t0te8withtbm4sntnc

ofb eqlocqelaws,~tla18,U.S.C.,Sacs.~ ardW,b bumntssion orrevdatlcmofwl!lchin any
-r toanwtbtiedpuaonkpmhlMtadbylaw.

NATIONALADVISORY COMMITTEE
FOR AERONAUTICS

WASHINGTON
January13,1958

I

b

.—



1

8

fly .......... .
KAMEAND““’”” ““”””’””’-”-”-”””’!~”~~’P~’””~fi””””’””””””**

h\~..................... ......................... ...............
GRADEOFOFFICERMAKINGCl+ANG[

. .............. .............

/& F<L ($/. ......................... ...............
DATE

—

-.

_..

.. -_r



NACARM L5’w6

NATIONALADVISORYCOMMITI?EEFOR~ONAUTICS --- --

-..
-k

~EARCH MEMORANDUM

k
...J

lI!WECTOF TARGET-TYPETHRUSTIWWlR3ERONTRANSOIUX

AEROIIYNAMICcHfUWCTERISTICSOFA

SINGLE-ENGINEFIGHTERMODEL

By JohnM. Swihart

Sm4MAKY

A briefinvestigationofa target-typethrustreverserona single-
enginefightermodelhasbeenconductedintheLangley16-foottransonic
tunnelatMachnmibersfrom0.20to 1.05. Atmch numibersof0.80,0.92,
and1.05;a hydrogenperoxideturbojet-enginesimulatorwasoperatedwith
thethrustreverserextended.Theangleof attackwasvariedfrom0°
to 5°attheseMachnumbers.TheReynoldsntier ofthefreestresm,
basedonthemeanaerodynamicchord,wasabout5 X 106.

----
Itwasesthatedthatreversedjetoperationseparatedthemodel

boundary-layerflowovertheuppersurfaceofthehorizontaltailand
upperpartoftheafterbody.Thisresultedina positivepitchincre-
mentdueto reversedjetoperation.Jet-onoperationalsotendedto
stabilizetheseverelateraloscillationswhichoccurredwiththe
reverserextendedandthejetoff. It appearedthatthesejet-off .
oscillationsweretheres~t ofan alter-=tingseparation
mentoftheflowontherearmostporttonsofthefuselage

INTRODUCTION

Therehasbeenconsiderabletnterestrecentlyinthe
reversersto shortenthelandingrollofturbojet-powered
Severalinvestigationsofmanydifferenttypesandshapes
reversershavebeenmadein stillair. (For=Smple,see

&d reattach-
afterbody.

useofthrust
aircraft.
ofthrust
refs.1 to 5.)

Taxitestsofa cascade-typereverserinstalledona single-enginefighter
airplanehavebeenreportedinreference6. Inadditiontotheinterest
inthethrustreverseras a landingaid,therehasbeenaninterest
expressedinusingthethrustreverseras a speedbrske.Itmightbe
usedforcotiatmaneuvering,steepdescentfromhighaltitude,andduring
theapproachtolanding(ref.7). Scmeoftheseflightregtieswere
investigatedseveralyearsagoat speedsup to 280milesperhourwith
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1!
a fighter-t~eairplanewhichhadbotha pistonengineanda smallturbo-
jetengine.Theresultsofthoseflighttestsarereportedinre~erences8 .=
and9. ‘r

It isthepurposeofthispapertopresenttheresultsofa brief
wind-tunnelinvestigationto studytheaerodynamicphenomenaassociated
witha target-typethrustreverserona single-enginefightermodel.
ThisinvestigationwasconductedintheLangley16-foottransonictunnel
atMachnunibersfrom0.20to l.0~at0°angleofattack.Power-oneffects
withthereverserextendedwereobtainedthroughtheangle-of-attackrange
from0°to 5° atMachnunibersof0.80,0.92,and1.05. Theturbojet
exhaustwassimulatedwitha hydrogenperoxidegas-generatorsystemsad—
thistechniqueisdescribedin-referen;e10. -

SYM1301S

AU forcesandmomentspresentedareforthe
tionanddonotincludethe&g.

A area

AR aspectratio

b wingspan

CD dragcoefficient,D/q&

CL liftcoefficient,L/q#

c~ rolling-momentcoefficient,

cm pitching-momentcoefficient,

—

L’/Qb

M/q#c‘

%-l yawing-momentcoefficient,N/q&%

Cy lateral-forcecoefficient,Y/@

%ocal -pm% pressurecoefficient,
%

—

fuselage-tail

--

.—-.

c localchord

C1 wingmeanaerodynamicchord
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D dragof fuselage-tail

a dismeter

H202 hydrogenperoxide(90
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liftof fuselage-tail

conibination

percentconcentrationby weight)

ctiination

rollingmomentoffuselage-tailcombination

afterbodylength,measuredfrombase,positiverearward

Machnurriberorpitchingmomentoffuselage-tailconibination
referredto

massflow

yawingmoment

pressure,abs

o.25c’

offuselage-tailccmibinationreferredto 0.25c’
.

dynsmicpressure

wingarea,includesareacoveredbyfuselage

velocity

lateralforceoffuselage-tailcotiination

angleofattackof fuselage-tailconibination

meridiananglemeasuredclockwisefromtopcenterline
lookingupstresm,deg

Subscripts:

b base

t total

i internal

J jet

e exit

w free-streamconditions
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bal balancemeasured

P prima~

s secondary

r reverser

1,2,3 axialstations(fig.3(c))
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APPARATUSANDMEmoIE

Tunnel

—-

TheLangley16-foottransonictunneli;a single-returnatmospheric
&

windtunnelwithanoctagonalslotted-throattestsection.Theopera-
tionalandpowercharacteristicsaredescribedinreferenceI-1.The PL-~
bifurcatestingsupportsystemusedforthismodelisdescribedin
reference12.

Model _—

Thesingle-engineturbojetfightermodelusedforthisinvestigation
wasthesamemodeldescribedinreference12. Fi&e 1 showsthemodel
withandwithoutthethrustreverser.Figuye2 showsa dimensionalsketch
ofthetarget-typethrustreverser.Thereverserwasdesignedforabout
60-percentreversethrustby usingthedesignchartsfortarget-type
reversersshowninreference3. Thereverserwaslocated1.18inches
downstreamofthemodelbase.

Figure3 isa cutawayviewofthemodelandthesupportsystem.
Thegeometriccharacteristicsofthewings,tails,smdfuselagesre
giveninthefigure.Themodelwasconstructedof stainlesssteeland
ahuninum,andthewingformsanintegralpartofthesupportsystem.
Figure3 showsthatthewingwasrigidlyattachedtothebifurcatesting
supportandthefuselage-tailasseniblywasmountedona six-component
strain-gagebalancesupportedby thewing.Flexiblediaphragmseals
wereusedatthejuncturebetweenthewingandthefuselage.The
H202turbojetsinnzlatorwasalsosupportedfromthewingin sucha man-
nerthatthethrustanddragweremeasuredseparately.Thedetailsof
thesetwosystemswillbe discussedlater. p
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Tests

ThemodelwasinvestigatedatMachnumbersfrom0.20to 1.05at
0° angleof attack.~ addition,theangle-of-attackrangewasfrom0°
to5° atMachnunibersof0.80,0.92,and1.05.TheReynoldsnumber
basedon c’ wasabout5 X 106forthisMachnuniberrange.Themodel
wasinvestigatedwiththereverseroff,simulatingretractionintothe
sidesofthefuselage,andwiththereverserfullyextended.The
~02 turbojets~ator wasoperatedovera jet-total-pressure-ratio
rangefrom1.0(jetoff)to 5 atMachnunibersof0.80andabove.The
techniqueforobtainingjet-ondataisdescribedinreference12. Tuft
studiesweremadeovertheboattailwithandwithoutjetflowandwith
andwithoutthereverser.In addition,foronetest,thereverserwas
perforatedwith18holes(fig.l(f)).

Instrumentalion

Wessuresweremeasuredat severalnominalmeridismanglesaround
thefuselageandfor&bout3 primaryjetdiametersaheadofthebase.
TableI showsthelocationof eachofthesepressureorifices.Pressure
thing fromeachorificewasconductedoutofthefuselagethroughthe
wingandbifurcatestingsupportandconnectedto electricalpressure
transducerslocatedinthestingbarrel.Eightyelectricalpressue
transducersofthetypedescribedinreference13weremanifoldedto a
commonreferencepressureandthiswholetransducermanifoldsystemwas
hmnersedina constant-temperaturebath. !Thisconstant-temyeratwebath
keptthezeroandsensitivityshiftsoftheelectricalpressuretrans-
ducersto a minimum.

Inadditiontotheexternalpressures,primaryjettotalandstatic
pressures,secondaryinletandexittotalandstaticpressures,andpri-
- jetandsecondaryairtotaltemperaturesweremeasured.

Fuselage-tailforcesendmomentswereobtainedona six-ccmponent
strain-gagebalanceandthrustforceswereobtainedona one-component
thrustbalance.

Thesngleofattackofthefuselagewasmeasuredlya calibrated
pendulumstrain-gageattitudeindicatormountedinthecanopy.The
resultinganglesofattackareindependentof stingsndbalancedeflec-
tionsdueto load.

DataReduction

Theelectricalsignalsfromthepressuretransducersweretrans-
mittedto carriersimplifiersandthento recordin&oscil.lographslocated
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inthetunnelcontrolroom. Thetracedeflectionsontherecorderfilm
wereconvertedtopressures,forces,mcments,andtemperaturesbymachine .
co?gputation.Thepressures,forces,andmomentswere-alsoconvertedby
machinecomputationto standardcoefficients.

Itisof interesttonotethatfourrecordingoscillographswere
usedandthatallfourrecordersweresynchronizedby a timingdevice.
InthismannertheH202simulatoroperatorstartedallrecorderstogetherj
markedeachdatapointonthefilmsof eachsimultaneously,andstopped
allrecorderstogether;therefore,W datapresentedhereinfora given
pointwereobtainedsimultaneously.

Dragsystem.-Theexternaldragofthefuselage-tailasseddy1s , :
definedasthesumofallpressureandviscousforcesactingonthe
externalsurfaceofthemodelandacrossthebaseto theedgeofthe
ejector.(Seefig.3(c).)The&asured-exfernal-drag~equationisas _
follows: ?.

D=%d+ (P,-%)~2-*442+%jj - (% -K@(i+%) -%.]
.?

-—
Figure3(b)showsthelocationofthesix-componentstrain-gagebalance

—

andfigure3(c)showsareasandpressurelocations.

Inspectionofthedragequationindicatesa pressureforceacrose
theflexiblediaphragmseal(figs.3(b)and3(c)).Thisforcewasonly
a smallfractionofthemeasureddragandtheexactdi~ositionbetween
thedragandthrustsystemswasunknown;however,one-halfofthesmall.
pressureforceacrosstheflexiblesealwasarbitrarilychargedto each
system.Theexternaldragisalsochsrgedwiththesmallinternaldrag
ofthesecondaryairductfromthenosetotheflexiblebellowswhere
theductisconnectedtothethrustsystem. —

Thrusts stem.-Thethrustsystemis shownbythesketchinfig-
.. 3~ Thetarget-typethrustreverserwasconnecteddirectlyto
theejectorshroudforthisinvestigationandthethrustmeasuredwith
thereverserextendedshouldhaveincludedthedragof-thereverseras
wellasthereversethrust.

Unfortuatelyjthethrust-balancereadingsobtainedduringthe _
investigationwerecompletelyunreliableandcouldnot”%eusedto obtaifi
a measureofthereversethrustordragofthereverser”’. .-
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Accuracy
.*

“7 Theestimatedaccuracies-ofthedatapresentedinthispaperare
givenas follows:

c~ . . . . . . . . .. o... ● ...0...

CL. . . ,. . ● . ● . . . . . . ● . . .0. .

cl. . ● . . ● . . . . . . . . . . . . . . ● .
‘%”””””””*””””””””””” ““”
c~. . . . . . . . . . . . . . . ● ● . . . . ●

*“””””””””””*”””*””””” “

%“””””” ”” 9”””””-”””””””
M . . . . . . . . . . . . . . . . . . . . . .
a . . . . . . . . . . . . . . . . . . . . . .
Pt,j/Pm* “ “ “ ● * “ “ “ “ “ “ “ ● “ ● “ “ “

RESULTSANDDISCUSSION

● ✎✎✎☛ ✎✎☛✎ *O.001
. . . . . . ..0 *o,C05
. . . . . .0.. to.ml
.00.. . ..0 *O.001
. . . . . ..0. *o.001
. . . . . . . . . M.002
. . . . . . . . . *O.01
. ..0. .*.* *O.(305
● *... . . . . W.1
. . . . . .0.. *002

PressureData,LateralOscillations,andTuftPictures

Probablythemostinterestingaero@smicphenomenonobservedin
thisbriefinvestigationwasa ratherviolentlateral.oscillationofthe
modelwiththejetoff. Theselateraloscillationswereobservedfrom
aboutM = 0.20 to M=l.05. Inorderto observetheflowdisturbances
whichmightbe causingtheseoscillations,tuftswereappliedto theupper
halfofthefuselageandpartofthehorizontaltails.(Seefigs.l(e) ‘
andl(f).)A motion-picturecsmerawasinstalledtophotographthese
tuftsandan obse~eralsowatchedthemodel.By coordinationbetween
theobserverandthemodelcontroloperators,itwaspossibleat a Mach
nuniberof0.92to obtainsimultaneousforcedata,pressuredata,and
motionpicturesofthetufts.

Figure4 showstheoscillographrecordoftheforcesandmoments
obtainedatthispointwiththereverserextendedandthejetoff. This
recordistypicalof alldataobtainedwiththejetoffwhenthereverser
wasextended.Thetuftpicturestakenbythemotion-picturecszneraat
thetwoselecteddatapointssrealsoshowninfigure4. At thefirst
point,thelateralforcewaspositive(lateraltracetowardstopofrecord
ispositive),theyawingmment wasnegative(yawtracetowardtopof
recordisnegative,note M = O tracepositions),andthetuftswere
lyingat an appreciableangleto thefree-stresmdirectionontheleft
sideoftheafterbodyandinthefree-stremndirectionontherightside
oftheafterbody.At thesecondpoint,thelateralforceisnegative,
theyawingmomentispositive,andthetuftshavereversedpositions.
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Figureh(b)showsthevariationofpressurecoefficientwithafter-
bodylengthinjetdiametersforseveralmeridiansatthetwodatapoints.
Thepressuresatthefirstpointaregenerallymorep~itiveandmore
asymmetricthanthoseshownforthesecondpoint,especiallybetween
Z/dj=0 and Z/dj= -2.0.Sincethetuftsontheleftsidewereskewed
atthefirstpointandthepressuresaremorepositive,itisbelieved
thatan alternatingseparationanda reattachmentwereoccurringonthe
rearpartsoftheafterbodyforabout2 jetdiametersaheadofthebase
(/ )
Z dj< -2.0. Attemptsweremadeto stabilizethisseparationby
attachinga l/8-inch-diameterwiretothefuselagejustaheadofthe
horizontaltailandby perforatingthereverseras sho–%ninfigurel(f).
Neitherofthesechangeshadmy effectontheseparationandthe
resultinglateraloscillations.

-.
?

.—

Itmaybe of someinteresttonotethatalthough.~hetimeshownon
therecord(fig.~(a))forthesideforceandyawingm~ent to change .—
signisoftheorderof1 second,themotion-yictureceynerawasoperating
at24 framespersecond,andthetuftswerecompletelychangedbetween A:
twoconsecutiveframes.Thismesmsthatthelastringof tuftsshownin ‘“““
figureL(a)(leftpicture)changedfroma steadyalinementwiththestresm
toanangleofabout45°tothestresm(rightpicture)in1/24second~d P

thetuftswerefairlysteadyatthatangle. —

Itisbelievedthatthisirregularalternatingseparationand
reattachmentwilloccurwithanyreverserofthistypewhenthejetis
off,sincethisalternatingirregularvortexpatternisa phenomenonof -
a turbulentboundarylayer(ref.14)andisoftenobse~edin separated
flows. Therapidchangesinlateralforceandyawingmomentduetothis
flowpatternmightmakean airplaneuncontrollable,sincethesechanges
aretheequivalentofabout5° of ch~e & yawangle.Iftheperiodot
theoscillationcouldbe controlledby thepilot,*he@gnitudeofthe
deflectionandaccompanyingshakingoftheairfremewouldatleastbe

—

verydisconcertingsndundesir~le,
.

Figure~ showsa sketchmadewiththeaidofphoto&raphsofthe
tuftsata Machnuriberof0.80withthejetonandoff. Infigure5(b)

.-

thetuftsarecompletelyreversedforabout3 jetdiametersaheadof
thebaseandsomeoutflowisindicatedonthehorizont~=”tail.It is
believedthatthereversedjetflowwasattachedtothe-fuselageat
leastti”thevicinityofthebaseandforward-about1 jetdiametersince .
thefuselagewasdiscoloredfromheatinthisregion.Thejetprobably
extendedforwardfor3 jetdismetersbeforeturningoutwardandbackward
tothefree-stresmdirection.Thispathofthejetwill.be discussed
laterinthepresentationofthefor;edata.

Figure6 showsthevariationof ~ with
numbersandthreepressureratiosat ~ = 000

k3d-EJ~

.-.

IZ dj forthreeMach P,
Theaverageafterbody

w
.
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pressurecoefficientsforthereverseroffareshownforcomparisonwith
themeasuredpressurecoefficientsforthereverserfullyextended.
Average~ istheaverageofthepressurecoefficientsateachvalue
of l/d~.Whenthejetisoff,thedataareqtitesimilaat M = 0.80
butthepressurecoefficientsbecomegenerallymorepositivewiththe
reverserefiendedwhentheMachnuniberis increasedto 0.92and1.05.
Withthejetoperating,thepressuresaremorepositiveoverthewhole
oftheinstrumentedafterbody,withthelargestdifferenceshownfor
M= 1~05 and pt,j/pm= 500. At anglesofattackof 3.5°and5°,the
pressuresbecamemoreasymmetric.Figure7 showsthepressuredataat
a = 5°, M = 0.92,andatpressureratiosof1 and5.0,andalsoshowsa
comparisonofthedatawiththereverseroff. Thesedataaretypicalfor
allMachnunibersandpressureratios.

Figure8 shows
angleofattackfor
and1.05.Thedata

ForceandMomentData

theforceandmomentcoefficientsplottedagainst
constantvaluesofpressureratioat M = 0.80,0.92,
forthemodelwiththereverseroffareincludedfor

comparison.Theeffectofthereversedjetonthefuselage-taildrag
coefficientswasto reducethevaluesto zeroor evenslightthrust
valuesatthesfisonicMachnunibers.Thereductionindragcoefficient
dueto jetoperationwasaboutconstantat allMachnumbersandshowed
theexpectedincreasein CD withangleof attack.Thesereductions
areprobablytheresultofthefairlylargepositivepressuresbeing
inducedonthebaseandafterbody.(Seefigs.6and 7.)

Figure6 indicatesthatthepressuresalongthebottomofthefuse-
lage(rows4 and5) aregenerallynotaffectedlythejetasmuchas
thoseatthetop(rows2 and3). Thereverserismountedrelatively
highonthefuselage(seefig.l(d))anditwouldbeexpectedthatmost
ofthereversedjeteffectwouldbe seenabovethehorizontaltail. It
isest@atedthatthereversedjethasseparatedthemodelboundary-layer
flowfromtheupperpartoftheafterbody(evidencedbyhighpositive
pressure-coefficientvalues)andontheuppersurfaceofthehorizontal
tail.Theseobservationsareconsistentwiththereversedjetboundary
showninfigure5(b). Thispositivepressurefieldabovethetailwould
causethetailto developnegativeliftandproducea positivepitch
increment.Thesearethetrendsindicatedbytheforceandmomentdata
(fig.8(a))at ti anglesofattack.

Figure8(b)showstherolling-moment,lateral-force,andyawing-
momentcoefficients.Thereisonlya verysmalleffectonrollingmoment
forallconditions.Thisindicatesthatthereversed-flowfieldwas
probablyfairlysymmetricalaboutthemodelverticalcenterline. The
oscillatorynatureofthelateral-forceandyawing-momentcoefficients

LLL*-
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hasbeendiscussedpreviouslyforthejet-offcondition.Ingeneral,
operatingthejetseemedto stabilizetheflowto someextent,butwhen
thepressureratiowasincreasedto 5.0therewasa tendencytoreturn

r.

towardtheJet-offvalues.Noplausibleexplanationforthisbehavior
canbe found,butitmightbe causedby a veryslightmisalinementof
thereverserfroma planeperpendiculartothefreestream. ——

No shadowgraphpictureswereobtainedwiththismodelbutthe T
.

observermadesketchesoftheshockpatternsaroundtheaf%erbodyand
.-

tailat a Machnumberofl.m. Whenthejetwasoff,thehorizontal-
tailtrailing-edgeshockwaslocatedjustaheadofthemodelbase note(positive~ shift at Z/dj= -1.2,fig.6(c));however,whenthejet
wason,theshockwasforcedforwardto a positionjustaheadofthe
horizontaltail.No attempthasbeenmadeat analyzihgtheeffectof

——
theseshockpositionsonthedataandtheseobservationsareonly
includedforthereader’sinformation.

Aero@wmi.ccharacteristicsatlowerMachnumibers.-
A.

Figure9 shows
theaerodynamicforcessmdmomentsonthefuselage-tailccmibinationat
a= 0° withthejetoffatMachnumbersfromabout0.40to 0.80.No ?
reversed-jetflowdatawereobtainedinthisMachnrmiberrange(below
M = 0.80)andthesedataarepresentedmaiti~yto showthetrendsatthese -
lowerMachnumbers.

— —u

Reverse-thrustcharacteri.stics.-Unfortunately,aswasstatedearlier,
no reliablereverse-thrustdatawereobtainedduringtheinvestigation.
Inorderto detailsomeoftheforcesactingonthere”verser,a small-
scalemodelofthereverserwasconstructed,instrumentedwithpressure
tubing,andinvestigatedovertheMachnuniberrangefrom0.80to 1.05.
(Seefig.10.) Thesedataindicatethatthepressuredragonthedown-
streamsideofthereverseris approximatelydoubledwhenthejetiS
operating.Thisindicatesthata sizabledragfo~cewillalsol)eapplied
to theairplaneinadditiontotheamountofreversedthrust.

Inspectionoffiguresl(c)andl(e)willshowtwodifferentsizes
of supportingmembersforthereverser.Itmightbe @ valueto a
designertoknow”thatthesmallersupportsweredesignedfor100-perceqt
reversethrustandhada safetyfactorof3. Thesesupportsfailed
underthesevereoscillatingloadsimposedonthereverserbeforethe
tunnelcouldbebroughtuptoa Machnuriberof0.80. Specificallythey
failedbeforeanyreversethrustwasimposedonthem.Thelargersupports
weremademorethanfourtimesas strongasthesmalleronesandno fail-
uresoccurredwiththesestruts.Thisinformationispresentedto show
theseverityoftheflowoscillationsonth~smodelwiththereverser
extended. .

—
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CONCLWXNGREMARKS

A briefinvestigationof a tsrget-t~ethrustreverseron a single-
enginefightermodelhasbeenconductedintheLangley16-foottransonic
tunnelatM&chnunibersfrom0.20to 1.05at0° angleofattack.Jet-on
datawereobtainedatMachnmibersof0.80,0.92,andI.@ andtheangle
ofattackwasvariedfrom0°to 5° attheseMachnunibers.

It isestimatedthatreversedjetoperationseparatedthemodel
boundary-layerflowovertheuppersurfaceofthehorizontaltailand
on a largeextentoftheupperpartoftheafterbody.Thisresultedin
a positivepitchincrementdueto reversedjetoperation.Whenthe
reverserwas-ended withtheJetoff,severemodellateraloscillations
occurred.Itappearedthatthisbehatiorwastheresultofan alternating
separationandreattachmentof theflowontherearmostportionsofthe
afterbody.Thelateral-forceandyawing-momentoscillationsassociated
withthisflowphenomenonmightmakeanairplaneuncontrollable.Revefsed3 jetoperationstabilizedtheseflowoscillationssomewhatandthelateral
coefficientswerereduced.An investigationof a small-scalereverser

* indicatedthatthepressurehag onthedownstreamsideofthereverser
approximatelydoubledwhenthejetwaso~erated.

bngleyAeronauticallaboratory,
NationalAdvisoryCommitteeforAeronautics,

LangleyField,Va.,Septeniber27,19570
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